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Description 

The invention relates to the optionally substituted tetracyclic compounds of the general formula I 



10 



15 




(I) 



wherein R^, R2 and R3 represent hydrogen or Ci-Cyallcyl; m represents the integer 2 or 3; n represents the in- 
teger 1 or 2; Hat represents 



25 



30 



35 




40 

wherein R4, R5, Re, R7, Rs, R9, Rio» R11 and R12 independently represent hydrogen or Ci-Cyalkyhand pharma- 
ceutically acceptable salts of compounds of formula I wherein Het represents optionally substituted imida- 
zole; processes for their preparation, pharmaceutical compositions comprising said compounds, and their use 
for the manufacture of medicaments for treating conditions and syndromes responsive to improvement of cog- 
45 nitive performance. 

The compounds of this invention improve cognitive performance including memory and learning in mam- 
mals and can be used for the treatment of cognitive impairment, e.g. impairment of memory and learning, in 
mammals which occurs e.g. in conditions of amnesia, dementia (such as Alzheimer's disease or senile demen- 
tia), dyslexia, transient cerebral ischemia. 
50 Pyrido[1,2-a]indole derivatives having cognitive performance activities have previously been known. 

EP-0167901-Apublished 15.01 .86 discloses a pharmaceutical composition comprising a compound of for- 
mula (B) or a pharmaceutically acceptable salt thereof: 
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wherein Ra is hydrogen, Ci_6alkyl, Ci_6alkoxy or halogen; Rb and Rc are both hydrogen or together represent 
a bond; is hydrogen and R© is hydrogen or R^ and R© together represent an oxo group; Rf is hydrogen; Ci_6alkyl; 
Ca-zcycloalkyI; C3_7cycloalkyl-Ci^alkyl;phenyl or phenyl C^.yalkyl in which the phenyl moiety is optionally sub- 
stituted by one or two of halogen, ortho- nitro, meta- or para- met hoxy, methyl or NRhRf wherein Rh and Ri are 
independently hydrogen or C^-^alkyl or Rh and R together are C2_6Polymethylene, or 3,4-d (substituted by me- 
thylenedioxy or ethylenedioxy; or monocyclic heteroaryl-C^^alkyl or aliphatic heterocyclyl-Ci^alkyl of up to 
six ring atoms, the heteroatom(s) being selected from oxygen, sulphur or nitrogen, any amino nitrogen heteroa- 
tom optionally Ci^alkyl substituted; and Rg is hydrogen or Ci^alkyl; and a pharmaceutical ly acceptable carrier. 

It is disclosed that the compounds have anti-hypoxic activity and/or activity against cerebral oxygen de- 
ficiency and are therefore useful in treating cerebrovascular disorders and disorders associated with cerebral 
senility. 

EP-252,643-A published 13.01 .88 discloses compounds of formula (A), wherein Rg is hydrogen, Ci_6alkyl, 
Ci_6alkoxy or halogen; R5 and R© are both hydrogen or together represent a bond; Rd is hydrogen and R© is 
hydrogen or R4 and R5 together represent an 0x0 group; Rf is phenyl, phenyl Ci.yalkyI or phenyl Ci_7alkanoyl, 
in which the phenyl moiety is substituted by NRfRg wherein Rf is Ci_6alkyl substituted by a group Rh selected 
from hydroxy, halo, CF3 or CORn where Rf is hydroxy, C^^alkoxy or amino optionally substituted by one or 
two Ci^alkyl groups, and Rt is hydrogen, Ci_6alkyl or Rr; and Rg is hydrogen or Ci^alkyl. 

It is disclosed that the latter compounds are useful in the treatment of cerebral vascular and neuronal de- 
generative disorders associated with learning, memory and cognitive dysfunctions including cerebral senility, 
multi-infarct dementia and senile dementia of the Alzheimer type. 

Particular embodiments of the invention relate to said compounds wherein, in formula I, m represents the 
integer 2 and n represents the integer 1 or 2; compounds wherein, in formula I, m re presents, the integer 3 and 
n represents the integer 1 or 2; further to said compounds wherein, in formula I, m represents the integer 2 or 
3 and n represents the integer 1; also to said compounds wherein, in formula I, m represents the integer 2 or 
3 and n represents the integer 2. 

Preferred are said compounds wherein, in formula I, m represents the integer 2 and n represents the in- 
teger 1 . 

In the compounds of the invention of formula I the ring junction between the cyclohexane and lactam rings 
may be either cis or trans fused. Furthermore, the compounds of the invention can also exist in the form of 
optically active isomers. The resulting racemic and optically active isomers are within the purview of the in- 
vention. 

Specific embodiments of the invention relate to the above-cited compounds wherein, in formula I, Het rep- 
resents pyrrole optionally substituted by lower alkyi and further to the above-cited compounds wherein, in for- 
mula I, Het represents imidazole optionally substituted by lower alkyl. 

When Het represents a), b) or e), the two points of attachment in formula I, can be to the adjacent 1 and 
2 or adjacent 4 and 5 positions of the imidazole ring. 

When Het represents the c) or d), the two points of attachment in formula I can be to the adjacent 1 and 
2, adjacent 2 and 3 or adjacent 4 and 5 positions of the pyrrole ring. 

Further preferred are the compounds of the formula II 
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(II) 



wherein Ri, R2 and R3 independently represent hydrogen or Ci-C4alkyl; Het has the meaning given in clainn 1 
and R4, R5, Re, R7, Rs, Rg, Rio» R11 and R12 independently represent hydrogen or Ci-C4alkyl; and pharmaceut- 
ically acceptable acid addition salts of compounds wherein Het represents (c) or (d). 

Preferred in turn are said compounds of the formula II and particular embodiments thereof wherein the 
cyclohexane and pyrrolidone rings are cis fused, as represented by formula Ila 




and wherein Het has meaning as defined herein before. 

Particular embodiments, of the invention in turn relate to the cited compounds of formula I, II, and Ila 
wherein Het represents either rings (a) or (e), or rings (c) or (d), or ring (b), respectively as defined above. 

Particularly preferred are the octahydro-2H-pyrrolo-[2',1':3,4]pyrazino[2,1-i]indol-2-ones of formula III 




(III) 



R3 

wherein Ri, R2, R3 and Re represent hydrogen or Ci-C4alkyl. 

A preferred embodiment thereof relates to the compounds of formula III wherein Ri, R2, R3 and Re repre- 
sent hydrogen; and further to above-cited compounds of formula III wherein the cyclohexane and pyrrolidone 

rings are cis fused. 

Also preferred are the octahydro-2H-pyrrolo[2',3':3,4]-pyrido[2,1-i]indol-2-one derivatives of formula IV 
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(IV) 



wherein Ri, R2, R3, R4 and R5 represent hydrogen or Ci-C4alkyl. 

Preferred embodiments thereof relate to the compounds of formula IV wherein Ri, R2, R3 and R4 represent 
hydrogen and R5 represents hydrogen or lower alkyi; and further to above cited compounds of formula IV 
wherein the cyclohexane and pyrrolidone rings are cis fused. 

A further preferred embodiment of the invention relates to the octahydro-2H-pyrrolo[3',2':3,4]pyrido[2,1- 
i]-indol-2-ones of the formula IVa 



1^11 



R12 



1= O 




(IVa) 



wherein Ri, R2, R3, Rn and R12 represent hydrogen or Ci-C4alkyl. 

Preferred embodiments thereof relate to the compounds of formula IVa wherein Ri, R2, R3 and R12 rep- 
resent hydrogen and R^ represents hydrogen or Ci-C4alkyl; and further to above-cited compounds of formula 
IVa wherein the cyclohexane and pyrrolidone rings are cis fused. 

Also preferred are the octahydro-2H,8H-imidazo-[4', 5':3,4]pyrido-[2,1-i]indol-2-ones of formula V 




wherein Ri, R2, R3, Ryand Rs represent hydrogen orCi-C4alkyl; and pharmaceutically acceptable acid addition 
salts thereof. 

Preferred embodiments thereof relate to the compounds of formula V wherein Ri , R2, R3 and R7 represent 
hydrogen and Rs represents hydrogen or Ci-C4alkyl; and further to the above-cited compounds of formula V 
wherein the cyclohexane and pyrrolidone rings are cis fused; and pharmaceutically acceptable acid addition 
salts thereof. 

A Ci-CyalkyI group within the scope of the invention may contain preferably 1 to 4 carbon atoms, and rep- 
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resents advantageously methyl. 

Pharnnaceutically acceptable salts are generally acid addition salts, which are preferably such of thera- 
peutically acceptable Inorganic or organic acids, such as strong mineral acids, for example hydrohalic, e.g. hy- 
drochloric or hydrobromic acid; sulfuric, phosphoric or nitric acid; aliphatic or aromatic carboxylic or sulfonic 
5 acids, e.g. formic, acetic, propionic, succinic, glycol! ic, lactic, malic, tartaric, gluconic, citric, maleic, fumaric, 
pyruvic, phenylacetic, benzoic, 4-aminobenzoic, anthranilic, 4-hydroxybenzoic, salicylic, 4-aminosalicylic, pa- 
moic, nicotinic, methanesulfonic, ethanesulfonic, hydroxyethanesulfonic, benzenesulfonic, p-toluenesulfonic, 
naphthalenesulfonic, sulfanilic, cyclohexylsulfamic acid; or ascorbic acid. 

The compounds of the invention are useful in mammals as nootropic agents for treating cerebral insuffi- 
10 ciency, e.g. for improving memory and learning in conditions of cognitive dysfunction and are active in state 
of the art test systems indicative of such activity, e.g. as described in "Techniques and Basic Experiments for 
the Study of Brain and Behavior", Elsevier (Publisher), 1983. 

The above-cited properties are demonstrable in tests using advantageously mammals, e.g. mice, rats, cats 
or monkeys. Said compounds can be applied in vivo either enterally or parenterally, advantageously orally, in- 
15 traperitoneally or intravenously, e.g. within gelatin capsules, as aqueous suspensions or in aqueous solutions. 
The dosage may range between about 0.01 and 300 mg/kg, preferably between about 0.05 and 100 mg/Kg, 
advantageously between about 0.1 and 50mg/Kg. 

The above-cited properties can be determined, for instance, in the electroshock induced amnesia test in 
mice, e.g. described by Mondadori et al in Acta Neurol. Scand. 69, Suppl. 99, 125-129 (1 984), in the step-down 
20 passive avoidance test in mice and rats, e.g. described by Mondadori in Psycholpharmacol. 63, 297-300 (1 979) 
and Neuropharmacology 7, Suppl. 3, 27-38 (1986), and in the active avoidance test in aged rats. 

The test to measure the inhibition of electroshock-induced amnesia in mice is carried out as follows: 
The apparatus consists of a large box (35 x 20 x 10 cm) which is connected by means of a sliding door 
to a small box (10 x 10 x 18 cm). The small box is brightly lit from above by a 100 watt lamp, whereas the large 
25 box is dark. The floor of both compartments consists of an electrified grating, the rods of which (diameter: 6 
mm) are each spaced 1 3 mm apart. 

For treatment, male mice having a body weight of 20-22 g are placed into the brightly lit small box. As mice 
have an instinctive preference for the dark, they usually go into the dark compartment within 30 seconds. As 
soon as all the mice have entered this compartment, the sliding door is closed and a shock (1 mA, 5 seconds) 
30 is administered to the paws of the mice. The animals are then immediately taken out of the testing unit. Two 
separate assays are carried out (in the morning between 8 and 11 a.m. and in the afternoon between 12 noon 
and 3 p.m.) 

To test their learning performance, the mice are once more placed individually into the lit compartment 
and the time until the are all in the dark (the step-through latency) is measured. Most of the animals will now 
35 normally remain in the lit compartment over the entire observation time of 150 seconds. 

The memory of the shock applied to the paws is at least partially eliminated if an amnesia-inducing treat- 
ment, consisting of a brief electroshock treatment, is administered directly after the shock to the paws is applied 
in the training session. Parameters of the electroshock: 50 mA, 0.4 sec, 50 Hz. 

To determine the protective action against the amnesia-inducing action of the electroshock, the animals 
40 are divided into different groups and the test compound is administered intraperitoneally 30 minutes before 
the training procedure, with vehicle alone (= placebo) being administered to control groups. The animals are 
subjected to electroshock treatment immediately after training. The degree of the learning performance still 
retained is measured 24 hours later from the residence time in the lit box (step-through latency period) com- 
pared with that obtained with control animals to which vehicle only has been administered. 
45 Prolongation of the step-through latency period in the electroshock treated animals is indicative of en- 

hancement of retention performance by the test compound. 

Illustrative of the invention, the compound of example 1 prolongs the step-through latency in the electro- 
shock-induced amnesia model (inhibits electroshock-induced amnesia) at a dose of e.g. 3 mg/Kg i.p. in mice. 
The step-down passive avoidance test to measure the enhancement of learning and memory (of retention 
50 performance) in mice is carried out as follows: 

The apparatus consists of an electrified grid (50 x 50 cm) of stainless steel rods (4mm in diameter, 13 
mm distance between bars), enclosed by grey PVC walls 50 cm in height. In the middle of the grid is a wooden 
platform 12 mm high and 67 mm in diameter, which is enclosed by a removable grey PVC tube (18 cm high, 
68 mm inner diameter). 

55 Male mice (20-22g) are placed one by one on the platform inside the tube, which is removed after 10 sec- 

onds. With a few exceptions the mice step-down from the platform within 20 seconds to explore. As soon as 
the animal has all four feet on the grid, it receives a footshock (1 mA, 1 sec) and is then immediately removed 
from the apparatus. The latency period until the animal descends is measured (baseline latency). 
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Twenty-four hours after the training, each animal is again placed on the platfornn and the "step-down la- 
tency" is recorded (retest latency) up to a cut-off time of 150 sec. Any prolongation of the retest step-down 
latency in comparison to the baseline is rated as a sign of learning. 

The test compounds are administered to groups of 25 mice for each dose 30 minutes (i.p.) or 60 minutes 
5 (p.o.) before the training session or immediately after the shock is applied. The degree of enhancement of 
learning and memory is assessed 24 hours later by measuring the step-down latency period. Any increase in 
the latency period compared to control is indicative of the enhancement in retention performance by the test 
compound. 

Illustrative of the invention, the compound of example 1 significantly improves performance in the step- 
10 down passive avoidance test in mice at a dose of e.g. 1 mg/Kg i.p. administered 30 minutes prior to the training 
session. 

The effect on age-related cognitive dysfunction is determined in aged rats as follows: 

Groups of rats (age 27 months at the beginning of the experiment) are treated daily p.o. with various 
doses of test compound or vehicle. Sixty minutes later they are subjected to a learning session in a one-way 
15 active avoidance task. A second learning session is repeated about 4 hours later. 

The apparatus consists of two identical compartments measuring 20 x 20 x 30 cm with electif led grid floors 
and a connecting door (12x16 cm). 

The training session consists in placing an animal into compartment A. After a delay of 1 0 seconds a foot- 
shock current is turned on. By moving into compartment B the animals can either escape or avoid the foot- 
20 shock. Active avoidance training is continued until the animals meet the criterion of 5 consecutive avoidances. 
A reduction in the number of training sessions required is indicative of a facilitation in learning the active avoid- 
ance task. 

Illustrative of the invention, the compound of example 1 at a dose of 10 mg/kg p.o. reduces the number 
of training sessions required for aged rats to learn the active avoidance task. 
25 The aforementioned advantageous properties render the compounds of the invention useful for improving 

cognitive performance and for the treatment cognitive dysfunction in mammals including man, particularly for 
the treatment of conditions of impaired memory and learning, e.g. in senile dementia, Alzheimer's disease and 
dyslexia. 

The compounds of the invention are prepared by processes comprising: 
30 a) cyclizing a compound of the formula 

H-Het- (CH2)m-N 



35 




CH2)n-COOH (VI) 



or a reactive ester derivative thereof wherein Het, m, n and R3 have meaning as defined above and the 
chains (CH2)m and (CH2)n are optionally substituted by Ci-CyalkyI; or 
b) cyclizing a compound of the formula 




(VII) 



R3 

wherein Het , m, n, R2 and R3 have meaning as defined hereinabove; 
c) cyclizing a compound of the formula 

55 
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• • • l^b 

(CH2)n-C-NH-(CH2)ni-Het-H (VIII) 



R3 

wherein Ra and Rb represent Ci-C4alkyl or Ra and Rb combined represent Ci-C4alkylene; R3, Het, m and 

n have meaning as defined hereinabove, and wherein the (CH2 )n and (CH2)m chains are optionally sub- 
stituted by lower alkyi, by treatment with an acid; or 
d) condensing a compound of the formula 

H-Het-(CH2)m-NH2 (IX) 
wherein Het and m have meaning as defined hereinabove, and wherein the (CH2)m chain is optionally sub- 
stituted by C1-C7 alkyI, with a compound of the formula 




(CH2)nCOORc 



(X) 



wherein R3 and n have meaning as defined hereinabove, and wherein the chain (Cl-l2)n is optionally sub- 
stituted by C1-C7 alkyI; Rc represents hydrogen or C1-C7 alkyI; and treating the resulting product in situ 
with an anhydrous acid; or 

(e) reducing the ketone functional group in a compound of formula XI 



,(CH2) 




R 



(CH2)n-htO 



-R 



(XI) 



wherein Het, m, n, Ri, R2 and R3 have meaning as defined hereinabove; or 
f) saturating the double bond in a compound of the formula 




(XII) 



wherein Het, m, Ri, R2 and R3 have meaning as defined hereinabove, to obtain a compound of formula II. 

In the above cited processes, the said process is carried out while, if necessary, temporarily protecting 
any interfering reactive group(s), and then liberating the resulting compound of the invention; and, if required 
or desired, a resulting compound of the invention is converted into another compound of the invention, and/or, 
if desired, a resulting free compound is converted into a salt or a resulting salt is converted into the free com- 
pound or into another salt; and/or a mixture of isomers or racemates obtained is separated into the single iso- 
mers or racemates; and/or, if desired, a racemate is resolved into the optical antipodes. 

In starting compounds and intermediates which are converted to the compounds of the invention in a man- 
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ner described herein, functional groups present, such as carboxy, amino (including ring NH) and hydroxy 
groups, are optionally protected by conventional protecting groups that are common in preparative organic 
chemistry. Protected carboxy, amino and hydroxy groups are those that can be converted under mild condi- 
tions into free carboxy, amino and hydroxy groups without the molecular framework being destroyed or other 
5 undesired side reactions taking place. 

The purpose of introducing protecting groups is to protect the functional groups from undesired reactions 
with reaction components and under the conditions used for carrying out a desired chemical transformation. 
The need and choice of protecting groups for a particular reaction is known to those skilled in the art and de- 
pends on the nature of the functional group to be protected (carboxy, hydroxy group, amino group, etc.), the 
10 structure and stability of the molecule of which the substituent is a part and the reaction conditions. 

Well-known protecting groups that meet these conditions and their introduction and removal are described, 
for example, in J.F.W. McOmie, "Protective Groups in Organic Chemistry", Plenum Press, London, New York, 
1973, T.W. Greene, "Protective Groups in Organic Synthesis", Wiley, New York, 1984. 

Suitable protecting groups forthe imidazolyl ring nitrogen include triloweralkylsilyl e.g. trimethylsilyl, lower 
15 alkanoyi e.g. acetyl, dilower alkylcarbamoyi e.g. dimethylcarbamoyi, or triarylmethyl e.g. triphenylmethyl. 

As referred to in the context of the application reactive ester derivatives of carboxylic acids include those 
generally known in the art, particularly lower alkyi esters and cyanomethyl esters. 

A reactive esterified hydroxy group as mentioned herein represents a leaving group, particularly hydroxy 
esterified by a strong acid, especially hydrochloric, hydrobromic or hydriodic acid, or sulphuric acid, or by a 
20 strong organic acid, especially a strong organic sulfonic acid, such as an aliphatic or aromatic sulfonic acid, 
for example methanesulfonic acid, 4-methylphenylsulfonic acid or4-bromophenylsulfonic acid. Said reactive 
esterified hydroxy group is especially halo, for example chloro, bromo or iodo, or aliphatically or aromatically 
substituted sulfonyloxy, for example methanesulfonyloxy, phenylsulfonyloxy or4-methylphenylsulfonyloxy (to- 
syloxy). 

25 The cyclization under process (a) is carried out optionally in the presence of an anhydrous acid such as 

glacial acetic acid or polyphosphoric acid in an inert solvent such as ethanol, toluene or xylene, preferably at 
an elevated temperature ranging from about 60"" to 175"". 

The starting materials of formula VI are prepared preferably in situ, e.g. by condensation of a compound 
of formula IX as defined above with a compound of formula X as defined above, preferably wherein Rc repre- 
30 sents Ci-CjalkyI, in an inert solvent, such as toluene, with simultaneous removal of water. 

The cyclization according to process (b) is carried out essentially as described under process (a). 
The starting materials of formula VII can be preferably prepared in situ by heating e.g. a Ci-CyalkyI ester 
of a compound of formula VI in an inert solvent such as toluene. 

The starting materials of formula VII can also be prepared by condensing a compound of the formula XIII 
35 H-Het-(CH2)m-X (XIII) 

wherein Het and m have meaning as defined hereinabove, the (CH2)m chain is optionally substituted by C^- 
Cyalkyl and X represents reactive esterified hydroxy, such as halo, with a compound of the formula XIV 

R2 (XIV) 

(CH2)n 

wherein R2, R3 and n have meaning as defined hereinabove. 

The starting materials of formula XIV can be prepared in situ by e.g. condensing an ester of formula X 
abovewith ammonia orasaltthereof and removing the water generated during the condensation e.g. byazeo- 

50 

tropic distillation. 

The cyclization according to process (c) can be carried out by treatment of a compound of formula VIII 
with an acid, e.g. phosphoric acid or polyphosphoric acid in toluene at elevated temperature. 

The starting materials of formula VIII can in turn be prepared by condensation of e.g. an acid of formula 

55 >^ 
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O O 

(CH2)nCOOH (XV) 

wherein Ra and Rb represent Ci-C4alkyl or Ra and Rb combined represent Ci-C4alkylene; R3 and n have mean- 
ing as defined above and wherein the (CH2)n chain is optionally substituted by Ci-C7alkyl, with an amine of 
formula IX above, e.g. in the presence of a condensing agent such as dicyclohexylcarbodiimide. 

The preferred one step condensation according to process (d) is carried out e.g. in an inert solvent such 
as toluene or xylene with removal of water at or near reflux temperature, or in the presence of an acid such 
as acetic acid in an inert solvent such as ethanol or toluene. 

The starting materials of formula IX and X are known in the art or can be prepared according to methods 
well-known in the art or as illustrated herein. 

The reduction according to process (e) can be carried out according to procedures known in the art for 
selectively converting a ketone carbonyl grouping to the corresponding CH2 grouping, e.g. under conditions 
of a Wolff- Kishner reaction. 

The starting materials of formula XI can be prepared, e.g. for the compounds wherein n represents 1, by 
first condensing a compound of formula IX wherein Het and m have meaning as defined above with a com- 
pound of formula X wherein n is zero and Rc represents Ci-CyalkyI, under conditions described in process (d) 
to obtain a compound of formula XVI which is condensed with oxalyl chloride to obtain a compound of formula 
XVII 





(XVII) 



wherein Het and R3 have meaning as defined hereinabove and Rc is Ci-Cyalkyl. Conversion to the decarboxy- 
lated product of formula XI, wherein n represents the integer 1 , can be carried out e.g. by treatment with mag- 
nesium chloride in dimethylsulfoxide. 

The reduction according to process (f) can be carried out according to procedures well-known in the art 
for reduction of a double bond, e.g. using hydrogenation with hydrogen in the presence of a suitable catalyst, 
such as platinum, in a suitable solvent such as acetic acid. 

The starting materials of formula XII can be prepared, e.g. from compounds of formula XI hereinabove 
wherein n represents the integer 1, by selective reduction of the ketone functional grouping to the correspond- 
ing alcohol e.g. by catalytic hydrogenation or with a selective reducing agent such as sodium borohydride, treat- 
ing the resulting alcohol with e.g. tosyl chloride in pyridine and heating said derivative, e.g. in collidine at ele- 
vated temperature. 

The compounds of the invention, e.g. of formula I wherein Het represents bonded pyrrole or imidazole as 
represented by (a), (c), (d) or (e) hereinabove in which R5, Rg, R9 or R^, respectively, represent hydrogen, can 
be converted to the respective compounds wherein R5, Rs, R9 or R^ represent Ci-CyalkyI according to N-al- 
kylation methods well-known in the art, by condensation with a reactive derivative of the corresponding Ci- 
Cyalkanol, e.g. an Ci-CyalkyI halide such as the bromo or iodo derivative in the presence of an anhydrous base 
such as an alkali metal hydride (e.g. sodium or potassium hydride), an alkoxide (e.g. sodium methoxide or eth- 
oxide, potassium tert-butoxide) or an alkali metal amide (e.g. lithium diisopropylamide) using an inert solvent 
such as dimethylformamide or tetrahydrofuran. 

The above-mentioned reactions are carried out according to standard methods, in the presence or ab- 
sence of diluent, preferably such as are inert to the reagents and are solvents thereof, of catalysts, condensing 
or said other agents respectively and/or inert atmospheres, at low temperatures, room temperature or elevated 
temperatures (preferably at or near the boiling point of the solvents used), and at atmospheric or super-at- 
mospheric pressure. The preferred solvents, catalysts and reaction conditions are set forth in the appended 
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illustrative examples. 

The invention further includes any variant of the present processes, in which an intermediate product ob- 
tainable atany stage thereof is used as starting material and the remaining steps are carried out, or the process 
is discontinued at any stage thereof, or in which the starting materials are formed under the reaction conditions, 
5 or in which the reaction components are used in the form of their salts or optically pure antipodes. 

Advantageously those starting materials are used in said reactions that lead to the formation of those com- 
pounds indicated above as being preferred. 

The invention also relates to any novel starting materials and processes for their manufacture. 

Depending on the choice of starting materials and methods, the new compounds may be in the form of 
10 one of the possible isomers or mixtures thereof, for example, depending on the number of asymmetrical carbon 
atoms, as pure optical isomers, as racemates or as mixtures of diastereomeric racemates including cis and 
trans ring fused isomers. The aforesaid possible isomers or mixtures thereof are within the purview of this in- 
vention. 

Any mixtures of isomers can be separated on the basis of the physico-chemical differences of the con- 
15 stituents, in known manner, into the pure isomers for example by chromatography and/or fractional crystalli- 
zation. 

Resulting racemates can be resolved into the optical antipodes by known methods, including chiral chro- 
matography. Racemic basic products of the invention (those containing an imidazole ring) can be resolved into 
their optical antipodes, e.g., by the fractional crystallization of d- or 1-(tartrate, mandelate or camphorsulfon- 

20 ate) salts. Advantageously, the more active of the two antipodes is isolated. 

Finally the compounds of the invention are either obtained in the free form, or a salt thereof for compounds 
containing an imidazole ring. Any resulting free base can be converted into a corresponding acid addition salt, 
preferably with the use of a therapeutically useful acid, or a resulting salt can be converted into the corre- 
sponding fee base, for example, with the use of a stronger base, such as a metal or ammonium hydroxide or 

25 a basic salt, e.g. an alkali metal hydroxide or carbonate, or a cation exchange preparation, or an alkylene oxide 
such as propylene oxide. These or other salts, for example, the picrates, can also be used for purification of 
the bases obtained; the bases are converted into salts, the salts are separated and the bases are liberated 
firom the salts. 

In view of the close relationship between the free compounds and the compounds in the form of their salts, 

30 whenever a compound is referred to in this context, a corresponding salt is also intended, provided such is 
possible or appropriate under the circumstances. 

The compounds, including their salts, can also be obtained in the form of their hydrates, or include other 
solvents used for their crystallization. 

The pharmaceutical compositions according to the invention are those suitable for enteral, such as oral 

35 or rectal, transdermal and parenteral administration to mammals, including man, e.g. for the treatment of dis- 
orders involving cognitive dysfunction, comprising an effective amount of a pharmacologically active com- 
pound of the invention, alone or in combination, with one or more pharmaceutically acceptable carriers. 

The pharmacologically active compounds of the invention are useful in the manufacture of pharmaceutical 
compositions comprising an effective amount thereof in conjunction or admixture with excipients or carriers 

40 suitable for either enteral or parenteral application. Preferred are tablets and gelatin capsules comprising the 
active ingredient together with a) diluents, e.g. lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or 
glycine; b) lubricants, e.g. silica, talcum, stearic acid, its magnesium or calcium salt and/or polyethyleneglycol; 
for tablets also c) binders e.g. magnesium aluminum silicate, starch paste, gelatin, tragacanth, methylcellulose, 
sodium carboxymethylcellulose and/or polyvinylpyrrolidone; if desired d) disintegrants, e.g. starches, agar, al- 

45 ginic acid or its sodium salt, or effervescent mixtures; and/or e) absorbents, colorants, flavors and sweeteners. 
Injectable compositions are preferably aqueous isotonic solutions or suspensions, and suppositories are ad- 
vantageously prepared from fatty emulsions or suspensions. Said compositions may be sterilized and/or con- 
tain adjuvants, such as preserving, stabilizing, wetting or emulsifying agents, solution promoters, salts for reg- 
ulating the osmotic pressure and/or buffers. In addition, they may also contain other therapeutically valuable 

50 substances. Said compositions are prepared according to conventional mixing, granulating or coating meth- 
ods, respectively, and contain about 0.1 to 75%, preferably about 1 to 50%, of the active ingredient. 

Suitable formulations for transdermal application include an effective amount of a compound of the in- 
vention with carrier. Advantageous carriers include absorbable pharmacologically acceptable solvents to as- 
sist passage through the skin of the host. Characteristically, transdermal devices are in the form of a bandage 

55 comprising a backing member, a reservoir containing the compound optionally with carriers, optionally a rate 
controlling barrier to deliver the compound to the skin of the host at a controlled and predetermined rate over 
a prolonged period of time, and means to secure the device to the skin. 

The invention also relates to the use of compounds of formula I for the manufacture of a medicament for 
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improving cognitive performance and of treating cognitive disorders (conditions of cognitive dysfunction) in 
mammals, particularly conditions of impaired memory and learning, such as senile dementia and Alzheimer's 
disease. 

The dosage of active compound administered is dependent on the species of warm-blooded animal (mam- 
mal), the body weight, age and individual condition, and on the form of administration. 

A unit dosage for a mammal of about 50 to 70 kg may contain between about 1 0 and 200 mg of the active 
ingredient. 

The following examples are intended to illustrate the invention. Temperatures are given in degrees Cen- 
tigrade. If not mentioned otherwise, all evaporations are performed under reduced pressure, preferably be- 
tween about20 and 130 mbar. The structure of final products, intermediates and starting materials is confirmed 
by standard analytical methods, e.g. microanalysis and spectroscopic characteristics (e.g. MS, IR, NMR). 



Asolution of 41.2 g of 2-(1-pyrrolyl)-ethylamine, 69 g of ethyl cyclohexanone-2-acetate in 900 ml toluene 
is stirred and refluxed for 16 hours using a Dean Stark water separator. The reaction is cooled and 100 ml 
glacial acetic acid is added. The solution is stirred and refluxed as before for 6 hours, cooled and the organic 
solvents are evaporated under reduced pressure. The residue is dissolved in methylene chloride and washed 
with ice cold IN aqueous sodium hydroxide. The organic layer is separated, dried over magnesium sulfate, 
treated with 10 g decolorizing charcoal and filtered. The methylene chloride solution is evaporated under re- 
duced pressure and the residue is crystallized from ether by cooling to 5° to give (9b,13a-cis)-2H- 
1,4,5,10,11, 12,13,13a-octahydropyrrolo[2',V:3,4]pyrazino[2,1-i]indol-2-one, m.p. 102-104°, the compound of 
formula III wherein Ri, R2, R3 and Re represent hydrogen and wherein the 9b,13a-ring junction is cis. 

The starting material, 2-(1-pyrrolyl)-ethylamine, is prepared as follows: 

Asolution of 140 g of ethylenediamine and 300 g of 2,5-dimethoxytetrahydrofuran in 2000 ml of dioxane 
and 1700 ml of glacial acetic acid is stirred and refluxed for 6 hours. The reaction mixture is then cooled and 
the solvents evaporated under reduced pressure at 60"". The dark residue is taken up in methylene chloride 
and ice and basified with 3N aqueous sodium hydroxide. The organic layer is separated and extracted into 5 
N aqueous hydrochloric acid. The acid extract is made basic with cooling and is extracted with methylene chlor- 
ide. The organic phase is dried over magnesium sulfate, treated with 10 g of charcoal and filtered. The methy- 
lene chloride is evaporated under reduced pressure to give an N-acetyl-2-(1-pyrrolyl)-ethylamine as an oil. 

A mixture of 220 g of N-acetyl-2-(1-pyrrolyl)-ethylamine as obtained above and 1800 ml of 10% aqueous 
sodium hydroxide is heated under reflux for 16 hours, cooled and then extracted with 2500 ml of methylene 
chloride. The organic layer is separated, dried over magnesium sulfate, treated with 20 g of charcoal and fil- 
tered. The filtrate is evaporated under reduced pressure to give an oil which is distilled under high vacuum at 
0.2 mm Hg to give 2-(1-pyrrolyl)-ethylamine as a clear oil. 



a) Similarly prepared according to procedure given in Example 1 is the compound of formula I wherein 
Ri, R2 and R3 represent hydrogen, n represents the integer 1, m represents the integer 3 and Het repre- 
sents 



and wherein the cyclohexane and pyrrolidone rings are cis fused, namely 1,4,5,11,12,1 3,14,14a-octahy- 
dro-2H,6H-pyrrolo[2'1':3,4]-diazepino[2,1-i]indol-2-one, m.p. 78-79°, starting with 1,3-diaminopropaneso 
as to obtain 3-(1-pyrrolyl)propylamine which is then condensed with ethyl cyclohexanone-2-acetate. 
b) Similarly prepared according to procedure given in Example 1 is the compound of formula I wherein 
Ri, R2 and R3 represent hydrogen, n represent the integer 2, m represents the integer 2 and Het represents 



Example 1 



Example 2 
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namely 1,2,3,5,6, 11, 12, 13, 14, 14a-decahydropyrrolo[2',1 :3,4] pyrazino[2,1-i]guinolin-3-one, by conden- 
sation of ethyl cyclohexanone-2- propionate with 2-(1-pyrrolyl)-ethylamine. 

Example 3 

A solution of 3.3 g of 2-(3-pyrrolyl)-ethylamine, 5.5 g of ethyl cyclohexanone-2-acetate and 150 ml of tol- 
uene is stirred and heated under reflux for 7 hours. The reaction mixture is cooled to room temperature and 
stirred overnight to crystallize the cis fused compound of formula IV wherein RrRs represent hydrogen, namely 
(cis)-l, 4,5,9,10,11, 12,12a-octa-hydro-2H-pyrrolo[2',3' :3,4]pyrido[2,1-i]indol-2-one, m.p. 197-199°. 

Example 4 

To a solution of 4.0 g of the compound of example 3, (the compound of formula IV wherein R1-R5 represent 
hydrogen) in 60 ml of dimethylformamide is added in portions 1.0 g of 50% of sodium hydride in mineral oil 
which was first washed free of mineral oil. The reaction mixture is stirred at room temperature for 1 1/2 hours 
and then cooled. Methyl iodide (3.0 ml) is added, the reaction mixture is stirred at room temperature overnight 
and then poured into ice-water. The mixture is extracted with ether, the ether extract is washed with brine, 
dried and evaporated to dryness. The residue is crystallized from ether to yield the cis fused compound of for- 
mula IV wherein R1-R4 represent hydrogen and R5 represents methyl, namely (cis)-8-methyl-1, 4,5,9,1 0,11, 12, 
12a-octahydro-2H-pyrrolo[2',3' :3,4]pyrido[2,1-i]indol-2-one, m.p. 100-102°. 

Example 5 

Similarly prepared according to the procedures given in the previous examples are: 

a) (cis)-1,4,5,9,10,11,12,12a-octahydro-2H-pyrrolo[3',2' :3,4] pyrido[2,1-i]indol-2-one, m.p. 181-183°, the 
cis fused compound of formula IVa wherein R1-R3, R4' and R5' represent hydrogen, starting with 2-(2-pyr- 
rolyl)-ethylamine; 

b) (cis)-6-methyl-1,4,5,9,10,11,12,12a-octahydro-2H-pyrrolo [3',2' :3,4]pyrido[2,1-i]indol-2-one, m.p. 93- 
95°, the cis fused compound of formula IVa wherein R1-R3 and R 4 represent hydrogen, and R'5 represents 
methyl, starting with 2-(2-pyrrolyl)-ethylamine. 

Example 6 

To 1 .9 g of histamine di hydrochloride is added approximately 2 g of triethylamine, the mixture is stirred at 
room temperature for 30 minutes and the excess triethylamine removed by evaporation under reduced pres- 
sure. The residue is dissolved in 50 ml ethanol, and 1 .9 g of ethyl cyclohexanone-2-acetate and 5 ml of acetic 
acid are added. The reaction mixture is heated at reflux temperature overnight and the solvent removed by 
evaporation under reduced pressure. The residue is then washed with 200 ml ether and basified to pH 9 with 
10% ammonium hydroxide solution. The reaction mixture is then extracted with 2 x 150 ml of methylene chlor- 
ide. The methylene chloride extracts are combined, dried over anhydrous sodium sulfate, and the solvent re- 
moved by evaporation under reduced pressure to yield a residue which is then purified chromatographically 
to yield (cis)- 1,4,5,9, 10, 11 ,12,12a-octahydro-2H,8H-imidazo[4',5' :3,4]pyrido[2,1-i]indol-2-one, m.p. 167-169°, 
the cis fused compound of formula V wherein RrRs, R7 and Ra represent hydrogen. 

Example 7 

Amixtureof 2.75g of 2-(1-pyrrolyl)-ethylamine, 5.1g of ethyl cyclohexanone-2-acetate, 4 ml of glacial acet- 
ic acid and 50 ml of ethanol is heated under reflux overnight. The reaction mixture is evaporated to dryness 
and the residue is neutralized with 1 0% ammonium hydroxide solution. The mixture is extracted with methylene 
chloride, the extract is washed with saturated sodium bicarbonate solution and evaporated to dryness. The 
residue is separated by thin layer chromatography to yield the trans fused (9b,13a-trans)-2H- 
1,4,5,10,11, 12,13,13a-octahydropyrrolo[2', 1' :3,4]pyrazino[2,1- i]indol-2-one, m.p. 69-71°, and the corre- 
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spending cis fused connpound of example 1 . 
Example 8 

a) Preparation of 10,000 tablets each containing 25 mg of the active ingredient: 



Formula : 



(9b,13a-cis)-2H-l,4,5,10,ll,12,13,13a- 
octahydropyrrolo [2 • : 3 , 4] pyrazino- 

[2, indol-2-one 250*00 g 

Lactose 2,400.00 g 

Corn starch 125.00 g 

Polyethylene glycol 6,000 150.00 g 

Magnesium stearate 40.00 g 

Purified water q.s 



Procedure: 

All the powders are passed through a screen with openings of 0.6 mm. Then the drug substance, lactose, 
magnesium stearate and half of the starch are mixed in a suitable mixer. The other half of the starch is sus- 
pended in 65 ml of water and the suspension added to the boiling solution of the polyethylene glycol in 260 
ml of water. The paste formed is added to the powders, which are granulated, if necessary, with an additional 
amount of water. The granulate is dried overnight at SS"", broken on a screen with 1 .2 mm openings and com- 
pressed into tablets, using concave punches uppers bisected. 

b) Preparation of 1,000 capsules each containing 10 mg of the active ingredient: 
Formula : 



( 9b , 1 3a-c is ) - 2H- 1, 4, 5, 10, II, 12, 13, 13a- 

octahydro-pyrrolo [2 • ,1' : 3 , 4] pyrazino- 

I2,l-i] indol-2-one 10.0 g 

Lactose 207.0 g 

Modified starch 80.0 g 

Magnesium stearate 3.0 g 



Procedure: 

All the powders are passed through a screen with openings of 0.6 mm. Then the drug substance is placed 
in a suitable mixer and mixed first with the magnesium stearate, then with the lactose and starch until homo- 
geneous. No. 2 hard gelatin capsules are filled with 300 mg of said mixture each, using a capsule filling ma- 
chine. 



Claims 

Claims for the following Contracting States : AT, BE, CH, FR, GB, LI, LU, IT, NL, DE and SE 
1. A compound of the formula 
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Het 




R 



(I) 



(CH2)n 



wherein R^, R2 and R3 represent hydrogen or C^-Cyalkyl; m represents the integer 2 or 3; n represents 
the integer 1 or 2; and Het represents 





(b) 



R 



N 
I 

R 



8 



(cj 




(d) 



% < 



(e) 



wherein R4, R5, Re, R7, Rs, Rg, Rio> and R12 independently represent hydrogen or Ci-CyalkyI; or a phar- 
maceutically acceptable salt of a compound of fornnula I wherein Het represents c) or d). 

A compound according to claim 1 of the formula I wherein Het represents 



R4 



or 



R 




(a) 



(e) 



and R4, R5, R11 and R12 have meaning as defined in claim 1. 



A compound according to claim 1 of the formula I wherein Het represents 
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and Re has the meaning as defined in claim 1 . 

A compound according to claim 1 of the formula I wherein Het represents 




^^8 

(c) (d) 

and R7, Rs, R9 and R^o have meaning as defined in claim 1 ; ora pharmaceutically acceptable acid addition 
salt thereof. 

A compound according to claim 1 of formula II 




(II) 



wherein Ri, R2 and R3 independently represent hydrogen or Ci-C4alkyl; Het has the meaning given in 
claim 1 and R4, R5, Re, R7, Re, Rq, Rio» R11 and R12 independently represent hydrogen or Ci-C4alkyl; ora 
pharmaceutically acceptable acid addition salt of a compound wherein Het represents (c) or (d). 

A compound according to claim 3 of the formula III 




(III) 



R3 

wherein Ri, R2, R3 and Re represent hydrogen or Ci-C4alkyl. 

A compound according to claim 6 of the formula 111 wherein R^, R2, R3 and Re represent hydrogen, and 
wherein the cyclohexane and pyrrolidone rings are cis fused. 
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8. A compound according to clainn 2 of the formula IV 




(IV) 



wherein Ri, R2, R3, R4 and R5 represent hydrogen or Ci-C4alkyl. 

9. A compound according to claim 8 wherein Ri, R2, R3 and R4 represent hydrogen, R5 represents methyl, 
and wherein the cyclohexane and pyrrol Idone rings are cIs fused. 

10. A compound according to claim 2 of the formula IVa 



R12 




P=0 



wherein Ri, R2, R3, Rn and R12 represent hydrogen or Ci-C4alkyl. 
11. A compound according to claim 4 of the formula V 




(IVa) 



(V) 



^3 

wherein Ri, R2, R3, R7 and Rq represent hydrogen or Ci-C4alkyl; or a pharmaceutically acceptable acid 
addition salt thereof. 



12. A compound according to claim 11 wherein R^, R2, R3, R7 and Ra represent hydrogen, and wherein the 
cyclohexane and pyrrol idone rings are cis fused; or a pharmaceutically acceptable acid addition salt there- 
of. 



17 



EP 0 338 989 B1 

13. A pharmaceutical composition suitable for the treatment of cognitive dysfunction in mammals comprising 
an effective cognition enhancing amount of a compound according to claim 1 in combination with one or 
more pharmaceutical acceptable carriers. 

14. A pharmaceutical composition suitable for the treatment of cognitive dysfunction in mammals comprising 
an effective cognition enhancing amount of a compound of claim 7 in combination with one or more phar- 
maceutically acceptable carriers. 

15. A compound of formula I according to claim 1 or a pharmaceutical preparation thereof for use in treating 
a mammal to improving cognitive performance. 

16. A compound for formula III according to claim 7 or a pharmaceutical composition thereof for use in treating 
a mammal improving cognitive performance. 

17. Acompound of formula I according to claim 1 or a pharmaceutical preparation thereof for use in treating 
conditions of impaired memory and learning in a mammal. 

18. Acompound of formula III according to claim 7 or a pharmaceutical composition thereof for use in treating 
conditions of impaired memory and learning in a mammal. 

19. A compound of formula HA 




(Ila) 



wherein Het has the meaning given in claim 1, and R4, R5, Re, R7, Rs* ^9* Rio» R11 and R12 independently 
represent hydrogen or Ci^alkyl; or a pharmaceutically acceptable acid addition salt of a compound where- 
in Het represents (c) or (d). 

20. Process for preparation a compound of formula I as claimed in claim 1 characterized by 
a) cyclizing a compound of the formula 

H-Het- (CH2)ni~N 




CH2)n-C0OH (VI) 



or a reactive ester derivative thereof wherein Het, m, n and R3 have the meaning as defined in claim 
1 and the chains (CH2)m and (CH2)n are optionally substituted by Ci-C7alkyl; or 
b) cyclizing a compound of the formula 



R2 




(VII) 



18 



EP 0 338 989 B1 



wherein Het , m, n, R2 and R3 have meaning as defined in claim 1; 
c) cyclizing a compound of the formula 



I 

0 



a • 



O 



{CH2)n-S-NH-(CH2)in-Het -H (VIII) 

wherein Rg and Rb represent Ci-C4alkyl or Ra and Rb combined represent Ci-C4alkylene; R3, Het, m 
and n have meaning as defined in claim 1 and wherein the (CH2)n and (CH2)m chains are optionally 
substituted by Ci-CyalkyI, by treatment with an acid; or 
d) condensing a compound of the formula 

H-Het-(CH2)m-NH2 (IX) 
wherein Het and m have meaning as defined in claim 1 and wherein the (CH2)m chain is optionally sub- 
stituted by C1-C7 alky I, with a compound of the formula 




(CH2)nCOOtlc 



(X) 



wherein R3 and n have meaning as defined in claim 1 and wherein the chain (CH^n >s optionally sub- 
stituted by lower alkyi; Rc represents hydrogen or Ci-CyalkyI; and treating the resulting product in situ 
with an anhydrous acid; or 

e) reducing the ketone functional group in a compound of formula XI 



Het 



1=0 




.R2 



(XI) 



(CK2)n-t^ 



wherein Het, m, n, Ri, R2 ant R3 have meaning as defined in claim 1; or 

f) to obtain a compound of formula I, wherein m represents the integer 2 and n represents the integer 
1, saturating the double bond in a compound of the formula 



Rl^<CH2) 
Het 




(XII) 



to obtain a compound of formula II, depicted in claim 5, wherein Het, R^, R2 and R3 have meaning as 
defined in claim 1 and m represents the integer 2; wherein in the above cited processes, the said proc- 
ess is carried out while, if necessary, temporarily protecting any interfering reactive group(s), and then 
liberating the resulting compound of the invention; and, if required or desired, a resulting compound 
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of the invention is converted into another compound of the invention, and/or, if desired, a resulting free 
compound is converted into a salt or a resulting salt is converted into the free compound or into another 
salt; and/or a mixture of isomers or racemates obtained is separated into the single isomers or race- 
mates; and/or, if desired, a racemate Is resolved into the optical antipodes. 

Claims for the following Contracting States : ES, GR 

1. Process for preparing a compound of the formula 




^3 

wherein Ri, R2 and R3 represent hydrogen or Ci-CyalkyI; m represents the integer 2 or 3; n represents 
the integer 1 or 2; Het represents 




^^8 ' 

(c) (d) (e) 

wherein R4-R12 independently represent hydrogen or C1-C7 alkyl;or a pharmaceutically acceptable salt 

of a compound of formula I wherein Het represents c) ord), which consist in 

a) cyclizing a compound of the formula 

H-Het- (CH2)m-N 

^X^^ CH2 ) n-CCOH ( VI ) 

or a reactive ester derivative thereof wherein Het, m, n and R3 have meaning as defined above and 
the chains (CH2)m and (CH2)n are optionally substituted by Ci-CyalkyI; or 

b) cyclizing a compound of the formula 
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(VII) 



wherein Het , m, n, R2 and R3 have meaning as defined above; 
c) cyclizing a compound of the formula 




{ CK2 ) n"C-NK-- ( CH2 t -H { VI 1 1 ) 



wherein Rg and Rb represent Ci-C4alkyl or Rg and Rb combined represent Ci-C4alkylene; R3, Het , m 
and n have meaning as defined above and wherein the (CH2)n and {CH^m chains are optionally sub- 
situted by Ci-CyalkyI, by treatment with an acid; or 
d) condensing a compound of the formula 

H-Het-(CH2)m-NH2 (IX) 
wherein Het and m have meaning as defined above and wherein the (CH^m chain is optionally substi- 
tuted by C1-C7 alkyi, with a compound of the formula 




(CH2)nCCGR. 



(X) 




wherein R3 and n have meaning as defined above and wherein the chain (CH2)n is optionally substituted 
by C1-C7 alkyI; Rc represents hydrogen or Ci-CyalkyI; and treating the resulting product in situ with an 
anhydrous acid; or 

e) reducing the ketone functional group in a compound of formula XI 




(CH2) 



(XI) 



wherein Het, m, n, R,, R2 and R3 have meaning as defined hereinabove; or 

f) to obtain a compound of formula I, wherein m represents the integer 2 and n represents the integer 
1, saturating the double bond In a compound of the formula 
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D 

.R2 (XII) 



^^3 

wherein Het, Ri, R2 and R3 have nneaning as defined above and m represents the integer 2; wherein 
in the above cited processes, the said process is carried out while, if necessary, temporarily protecting 
any interfering reactive group(s), and then liberating the resulting compound of the invention; and, if 
required or desired, a resulting compound of the invention is converted into another compound of the 
invention, and/or, if desired, a resulting free compound is converted into a salt or a resulting salt is con- 
verted into the free compound or into another salt; and/or a mixture of isomers or racemates obtained 
is separated into the single isomers or racemates; and/or, if desired, a racemate is resolved into the 
optical antipodes. 

Process according to claim 1 for preparing a compound of the formula I wherein Het represents 




(a) (e) 
and R4, R5, R11 and R12 have meaning as defined in claim 1. 

Process according to claim 1 for preparing a compound of the formula I wherein Het represents 




(b) 



and Re has the meaning as defined in claim 1 . 

Process according to claim 1 for preparing a compound of the formula I wherein Het represents 




^^8 

(c) (d) 

and R7, Rs, R9 and R10 have meaning as defined in claim 1 ; or a pharmaceutically acceptable acid addition 
salt thereof. 

Process according to claim 1 for preparing a compound of formula II 



Rl^(Cfi2) 



nee 
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Het 




(II) 



wherein Ri, R2 and R3 independently represent hydrogen or lower alkyi; Het has the meaning given in 
claim 1 and R4, R5, Re, R7, Rs* Rg* Rio> and R12 independently represent hydrogen or Ci-C4alkyl; or a 
pharmaceutically acceptable acid addition salt of a compound wherein Het represents (c) or(d). 

6. Process according to claim 1 for preparing a compound of the formula III 



R 




(III) 



wherein Ri, R2, R3 and Re represent hydrogen or Ci-C4alkyl. 

7. Process according to claim 6 for preparing a compound of the formula Mi wherein Ri, R2, R3 and Re rep- 
resent hydrogen, and wherein the cyclohexane and pyrrolidone rings are cis fused. 

8. Process according to claim 2 for preparing a compound of the formula IV 




(IV) 



wherein Ri, R2, R3, R4 and R5 represent hydrogen or Ci-C4alkyl. 

9. Process according to claim 8 for preparing a compound of the formula IV wherein Ri, R2, R3 and R4 rep- 
resent hydrogen, Rs represents methyl, and wherein the cyclohexane and pyrrolidone rings are cis fused. 



10. Process according to claim 2 for preparing a compound of the formula IVa 
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Rii 




wherein R^, R2, R3, Rn and R12 represent hydrogen or Ci-C4alkyl. 
11. Process according to claim 4 for preparing a conn pound of the formula V 




R3 

wherein Ri, R2, R3, R7 and Rq represent hydrogen or Ci-C4alkyl; or a pharmaceutically acceptable acid 
addition salt thereof. 

12. Process according to claim 11 for preparing a compound of the formula V wherein Ri, R2, R3, R7 and Rs 
represent hydrogen, and wherein the cyclohexane and pyrrolidone rings are cis fused; or a pharmaceut- 
ically acceptable acid addition salt thereof. 

13. Process for preparing a pharmaceutical composition containing a compound as prepared according to 
claim 1 in combination with one or more pharmaceutical acceptable carriers. 

14. Process for preparing a pharmaceutical composition containing a compound of claim 7 in combination 
with one or more pharmaceutically acceptable carriers. 

15. Process for preparing of a compound of formula I according to claim 1 or a pharmaceutical preparation 
thereof for use in treating a mammal to improving cognitive performance. 

16. Process for preparing of a compound of formula III according to claim 7 or a pharmaceutical composition 
thereof for use in treating a mammal to improving cognitive performance. 

17. Process for preparing of a compound of formula I according to claim 1 or a pharmaceutical preparation 
thereof for use in treating conditions of impaired memory and learning in a mammal. 

18. Process for preparing of a compound of formula III according to claim 7 or a pharmaceutical composition 
thereof for use in treating conditions of impaired memory and learning in a mammal. 

19. Process according of claim 1 for preparing a compound of formula MA 
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(Ila) 



wherein Het has the meaning given in clainn 1 and R4, R5, Rg, R7, Rs, R9, R10, R11 and R12 independently 
represent hydrogen or Ci-C4alkyl; or a pharmaceutically acceptable acid addition salt of a compound 
wherein Het represents (c) or (d). 



Patentanspriiche 

Patentanspriiche fur folgende Vertragsstaaten : AT, BE, CH, FR, GB, LI, LU, IT, NL, DE, SE 

1. Verbindung der Formel 




(I) 



worin Ri, R2 und R3 Wasserstoff oder Ci-Cy-AlkyI bedeuten; m die ganze Zahl 2 oder 3 bedeutet; n die 
ganze Zahl 1 oder 2 bedeutet; und Het 




8 ' 



(c) . (d) (e) 

bedeutet worin R4, RsjRe, R7, Rs, R9, Rio» R11 und R12 unabhangig voneinander Wasserstoff oder C1-C7- 
Alkyl bedeuten; oder ein pharmazeutisch vertragliches Salz einer Verbindung der Formel I worin Het c) 
Oder d) bedeutet. 
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Verbindung gemaB Anspruch 1 der Formel I worin Het 




(a) (e) 
bedeutet und R4, R5, und R12 die gema& Anspruch 1 def inierte Bedeutung besitzen. 
Verbindung gemaR Anspruch 1 der Formel I worin Het 




bedeutet und Re die gemal^ Anspruch 1 def inierte Bedeutung besitzt. 
Verbindung gema& Anspruch 1 der Formel I worin Het 




Re 

(c) (d) 

bedeutet und R7, Re, Rg und R^o die gemaf^ Anspruch 1 def inierte Bedeutung haben; Oder ein pharma- 
zeutisch vertragliches Saureadditionssalz davon. 

Verbindung gema& Anspruch 1 der Formel II 




(II) 



worin Ri, R2 und R3 unabhangig voneinander Wasserstoff oder Ci-C4-Alkyl bedeuten; Hetdie in Anspruch 
1 angegebene Bedeutung hat und R4, R5, Re, R7, Re, Rg, R10. R11 und R12 unabhangig voneinanderWas- 
serstoff Oder C1-C4- Alky! bedeuten, oderein pharmazeutisch vertragliches Saureadditionssalz einer Ver- 
bindung worin Het (c) Oder (d) bedeutet. 

Verbindung gemaH Anspruch 3 der Formel III 
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(III) 



worin Ri, R2, R3 und Re Wasserstoff oder Ci-C4-Alkyl bedeuten. 

7, Verbindung gemaR Anspruch 6 der Formel III worin Ri, R2, R3 und Re Wasserstoff bedeuten, und worin 
die Cyclohexan- und Pyrrolidonringe cis-gebunden sind. 

8. Verbindung gemaH Anspruch 2 der Formel IV 




(IV) 



worin Ri, R2, R3, R4 und R5 Wasserstoff oder Ci-C4-Alkyl bedeuten. 

9. Verbindung gennafl Anspruch 8 worin Ri, R2, R3, und R4 Wasserstoff bedeuten, R5 Methyl bedeutet, und 
worin die Cyclohexan- und Pyrrolidonringe cis-gebunden sind. 

10. Verbindung gema& Anspruch 2 der Formel IVa 

Rii 

K124- // ^ 




(IVa) 



worin Ri, R2, R3, Rn und Ri 2 Wasserstoff oder Ci-C4-Alkyl bedeuten. 
11. Verbindung gemaR Anspruch 4 der Formel V 
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R3 

worin Ri, R2, R3, Ryund RsWasserstoff oderCi-C4-Alkyl bedeuten; oderein pharmazeutisch vertragliches 
Saureadditionssalz davon. 

12. Verbindung gema& Anspruch 11 worin Ri, R2, R3, R7 und Rs Wasserstoff bedeuten, und worin die Cyclo- 
hexan- und Pyrrol idonringe cis-gebunden sind, oder ein pharmazeutisch vertragliches Saureadditions- 
salz davon. 

13. Pharmazeutische Zusammensetzung geeignet zur Behandlung von cognitiver Dysfunktion bei Saugern 
enthaltend eine wirksam die Wahrnehmungsfahigkeit verstarkende Menge einer Verbindung gemad An- 
spruch 1 in Verbindung mit einem oder mehreren pharmazeutisch vertraglichen Tragern. 

14. Pharmazeutische Zusammensetzung geeignet zur Behandlung von cognitiver Dysfunktion bei Saugern 
enthaltend eine wirksam die Wahrnehmungsfahigkeit vestarkende Menge einer Verbindung gema& An- 
spruch 7 in Verbindung mit einem oder mehreren pharmazeutisch vertraglichen Tragern. 

15. Verbindung der Formel I gemad Anspruch 1 oder pharmazeutische Preparation davon zur Verwendung 
bei der Behandlung von Saugern zur Verbesserung der Wahmehmungsleistung. 

16. Verbindung der Formel III gemall Anspruch 7 oder pharmazeutische Zusammensetzung davon zur Ver- 
wendung bei der Behandlung von Saugern zur Verbesserung der Wahmehmungsleistung. 

17. Verbindung der Formel I gemafi Anspruch 1 oder pharmazeutische Preparation davon zur Verwendung 
bei der Behandlung von Zustanden des gestorten Erinnerungs- und Lernvermogens bei Saugern. 

18. Verbindung der Formel III gemal^ Anspruch 7 oder pharmazeutische Zusammensetzung davon zur Ver- 
wendung bei der Behandlung von Zustanden des gestorten Erinnerungs- und Lernvermogen bei Sau- 
gern. 

19. Verbindung der Formel lla 




(ria) 



worin Het die in Anspruch 1 angegebene Bedeutung besitzt und R4, Rs, Re. R7. Rs. 

Rg, Rioj ^11 und R12 

unabhangig vonei nander Wasserstoff oder C1-C4- Alky I bedeuten; oderein pharmazeutisch vertragliches 
Saureadditionssalz einer Verbindung worin Het (c) oder (d) beutedet. 

20. Verfahren zur Herstellung einer Verbindung der Formel I gemal^ Anspruch 1 gekennzeichnet durch 
a) Zyklisierung einer Verbindung der Formel 
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H-Het-(CH2)m~N 




(VI) 



R' 



Oder eines reaktiven Esterderivates davon worin Het, m, n und R3 die gemaf^ Anspruch 1 def inierte 
Bedeutung besitzen und die Ketten (CH2)m und (CH2)n gegebenenfalls durch Ci-C7-Alkyl substituiert 

sind;oder 

b) Zyklisierung einer Verbindung der Formel 



R2 



H-Het:-(CH2)ni-N / 

R3 



(VII) 



worin Het, m, n, R2, und R3 die in Anspruch 1 def inierte Bedeutung haben; 
c) Zyklisierung einer Verbindung der Formel 




worin Ra und Rb Ci-C4-Alkyl bedeuten oder Ra und Rb zusammen Ci-C4-Alkylen bedeuten; R3, Het, m 
und n die in Anspruch 1 def inierte Bedeutung besitzen und worin die (CH2)n- und (CH2)m-Ketten gege- 
benenfalls durch Ci-Cy-AlkyI substituiert sind, durch Behandlung mit einer Saure; oder 
d) Kondensation einer Verbindung der Formel 

H-Het-(CH2)m-NH2 (IX) 
worin Het und m die in Anspruch 1 def inierte Bedeutung besitzen und worin die (CH2)m-Kette gegebe- 
nenfalls durch Ci-Cy-AlkyI substituiert ist, mit einer Verbindung der Formel 




worin R3 und n die in Anspruch 1 definierte Bedeutung besitzen und worin die Kette (CH2)n gegebe- 
nenfalls durch Niederig-AlkyI substituiert ist; Rc Waserstoff oderCi-Cj-AlkyI bedeutet; und Behandlung 
des resultierenden Produktes in situ mit einer wasserfreien Saure; oder 
e) Reduktion der Gruppe mit Ketofunktion in einer Verbindung der Formel XI 
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worin Het, m, n, Ri, R2 und R3 die in Ansprucli 1 definierte Bedeutung besitzen; oder 

f) zur Erzielung einer Verbindung der Formel 1, worin m die ganze Zahl 2 bedeutet und n die ganze 

Zaiil 1 bedeutet, Sattigung der Doppelbindung in einer Verbindung der Formel 



Cr^ (XII) 



unter Erzielung einer Verbindung der Formel II, wie in Anspruch 5 angegeben, worin Het, Ri, R2 und 
R3 die in Anspruch 1 definierte Bedeutung besitzen und m die ganze Zahl 2 bedeutet; 
wobei im Zusammenhang mit den vorstehend angegebenen Verfahren die Durchfuhrung derart erfolgt, 
indem man, falls notig, etwaige storende reaktive Gruppe(n) zeitweise schutzt, und dann die resultie- 
rende erfindungsgemaBe Verbindung freisetzt; und, falls erforderlich oder erwunscht, man eine resul- 
tierende erfindungsgema&e Verbindung in eine andere erfindungsgemal^e Verbindung umwandelt, 
und/oder, falls erwunscht, eine resultierende freie Verbindung in ein Salz umwandelt oder ein resultie- 
rendes Salz in die freie Verbindung oder in ein anderes Salz umgewandelt; und/oder man eine Mischung 
aus erhaltenen Isomeren oder Racematen in enzelne Isomeren oder Racemate auftrennt; und/oder, 
falls erwunscht, man ein Racemat in die optischen Antipoden auftrennt. 

Patentanspriiche fur folgende Vertragsstaaten : ES, GR 

1. Verfahren zur Herstellung einer Verbindung der Formel 



et > 





R3 

worin Ri, R2 und R3 Wasserstoff oder Ci-C7-Alkyl bedeuten; m die ganze Zahl 2 oder 3 bedeutet; n die 
ganze Zahl 1 oder 2 bedeutet; Het 
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^^8 ' 

(c) (d) (e) 



bedeutet worin R4-R12 unabhangig voneinander Wasserstoff oder Ci-Cy-AlkyI bedeuten; oder ein phar- 
mazeutisch vertragliches Salz einer Verbindung der Formel I worin Het c) oder d) bedeutet, bestehend 
in der 

a) Zyklisierung einer Verbindung der Fornnel 

H-Het- {CH2)in"N 

Oder eines reaktiven Esterderivates davon, worin Het, m, n und R3 die vorstehend def inierte Bedeutung 
besitzen und die Ketten (CH2)m und (CH2)n gegebenenfalls durch Ci-Cy-AlkyI substituiertsind; oder 

b) Zyklisierung einer Verbindung der Formel 




(VII) 



worin Het, m, n, R2 und R3 die vorstehend def inierte Bedeutung besitzen; 
c) Zyklisierung einer Verbindung der Formel 




0 

{CH2 ) n-C-NH- ( CH2 t ( VI 1 1 ) 



worin Rg und Rb Ci-C4-Alkyl bedeuten oder Rg und RbZusammen Ci-C4-Alkylen bedeuten; R3, Het, m 
und n die vorstehend def inierte Bedeutung besitzen und worin die (CH2)n und (CH2)m-Ketten gegebe- 
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nenfalls durch Ci-Cy-AlkyI substituiert sind, durch Behandlung mit einer Saure; Oder 
d) Kondensation einer Verbindung der Formel 

H-Het-(CH2)m-NH2 (IX) 
worin Het und m die vorstehend def inierte Bedeutung besitzen und worin die (CH2)m-Kette gegebenen- 
falls durch Ci-Cy-AlkyI substituiert ist, mit einer Verbindung der Formel 




(CH-j ) -.CCOR^ 



(X) 




worin R3 und n die vorsteliend def inierte Bedeutung besitzen und worin die Kette (CH2)n gegebenenfalls 
durch Ci-C7-AII<yl substituiert ist; Rc Wasserstoff oder Ci-C7-AII<yl bedeutet; und Beliandlung des re- 
sultierenden Produktes in situ mit einer wasserfireien Saure; oder 
e) Reduktion der Gruppe mit Keto-Funktion in einer Verbindung der Formel XI 



(CH2).^ .Rl 




— in 



(XI) 



worin Het, m, n, Ri, R2 und R3 die vorstehend definierte Bedeutung besitzen; oder 

f) zur Erzielung einer Verbindung der Formel I, worin m die ganze Zahl 2 bedeutet und n die ganze 

Zahl 1 bedeutet, Sattigung der Doppelbindung in einer Verbindung der Formel 



Kec 




(XII) 



worin Het, Ri, R2,und R3 die vorstehend definierte Bedeutung besitzen und m die ganze Zahl 2 bedeu- 
tet; wobei im Zusammenhang mit den vorstehend angegebenen Verfahren die Durchfuhrung derart er- 
folgt, indem man falls notig, etwaige storende reaktive Gruppe(n) zeitweise schutzt, und dann die re- 
sultierende erf indungsgemal^ Verbindung freisetzt; und, falls erforderlich oder erwunscht, man eine 
resultierende erf indungsgemal^ Verbindung in eine andereerfindungsgema&e Verbindung umwandelt, 
und/oder, falls erwunscht, eine resultierende freie Verbindung in ein Salz unwandelt oder umwandelt 
Oder ein resultierendes Salz in die freie Verbindung oder in ein anderes Salz umwandelt; und/oder eine 
Mischung von erhaltenen Isomeren oder Racematen in einzelne Isomeren oder Racemate trennt; und- 
/oder, falls erwunscht, ein Racemat in die optischen Antipoden auftrennt. 



Verfahren gemal^ Anspruch 1 zur Herstellung einer Verbindung der Formel I worin Het 
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bedeutet und R4, R5, R^^ und R12 die in Anspruch 1 def inierte Bedeutung besitzen. 
Verfahren gemaf^ Anspruch 1 zur Herstellung einer Verbindung der Formel I worin Het 

\^ (b) 

bedeutet und Re die in Anspruch 1 def inierte Bedeutung besitzt. 

Verfahren gemaR Anspruch 1 zur Herstellung einer Verbindung der Formel I worin Het 




^8 

(c) (d) 

bedeutet und R7, Rg, Rgund Riodie in Anspruch 1 def inierte Bedeutung besitzen; oderein pharmazeutisch 
vertragliches Saureadditionssalz davon. 

Verfahren gemaR Anspruch 1 zur Herstellung einer Verbindung der Formel II 




(II) 



worin Ri, R2 und R3 unabhangig voneinander Wasserstoff oder Niedrig-AlkyI bedeuten; Het die in An- 
spruch 1 angegebene Bedeutung besitzt und R4, R5, Re, R7, Re, R9, R10. R11 und R12 unabhangig vonein- 
ander Wasserstoff oder C1-C4- Alky I bedeuten; oderein pharmazeutisch vertragliches Saureadditionsad- 
ditionssalz einer Verbindung worin Het (c) oder (d) bedeutet. 

Verfahren gemaR Anspruch 1 zur Herstellung einer Verbindung der Formel III 
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5 



10 




(III) 



R3 

worin Ri, R2, R3 und Re Wasserstoff oder Ci-C4-Alkyl bedeuten. 

7. Verfahren gemaB Anspruch 6 zur Herstellung einer Verbindung der Formel III worin Ri, R2, R3 und Re 
Wasserstoff bedeuten, und worin die Cyclohexan- und Pyrrol idonringe cis-gebunden sind. 

8. Verfahren gemafl Anspruch 2 zur Herstellung einer Verbindung der Formel IV 



25 



30 




(IV) 



worin Ri, R2, R3, R4 und R5 Wasserstoff oder Ci-C4-Alkyl bedeuten. 

9. Verfahren gemaR Anspruch 8 zur Herstellung einer Verbindung der Formel IV worin Ri, R2, R3 und R4 
Wasserstoff bedeuten, R5 Methyl bedeutet, und worin die Cyclohexan- und Pyrrol idonringe cis-gebunden 
sind. 

10. Verfahren gemafi Anspruch 2 zur Herstellung einer Verbindung der Formel IVa 

Rii 



45 



50 




( IVa) 



R3 

worin Ri, R2, R3, Rn und R^ 2 Wasserstoff oder Ci-C4-Alkyl bedeuten. 
11. Verfahren gema& Anspruch 4 zur Herstellung einer Verbindung der Formel V 
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(V) 



worin Ri, R2, R3, Ryund RsWasserstoff oderCi-C4-Alkyl bedeuten; oderein pharmazeutisch vertragliches 
Saureadditionssalz davon. 

12. Verfahren gemaR Anspruch 11 zur Herstellung einer Verbindung der Formel V worin Ri, R2, R3, R7 und 
Rs Wasserstoff bedeuten, und worin die Cyclohexan- und Pyrrolindonringe cis-gebunden sind; oder ein 
pliarmazeutisch vertragliches Saureadditiontionssalz davon. 

13. Verfaliren zur Herstellung einer pharmazeutischen Zusammensetzung enthaltend eine gemaB Anspruch 
1 hergestellte Verbindung in Kombination mit einem oder mehreren pharnnazeutisch vertraglichen Tra- 
gern. 

14. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung enthaltend eine Verbindung von 
Anspruch 7 in Verbindung mit einem oder mehreren pharmazeutisch vertraglichen Tragern. 

15. Verfahren zur Herstellung einer Verbindung der Formel I gema& Anspruch 1 oder einer pharmazeutische 
Praparation davon zur Verwendung bei der Behandlung von Saugern zur Verbesserung der Wahrneh- 
mungsleistung. 

16. Verfahren zur Herstellung einer Verbindung der Formel III gemafi Anspruch 7 oder einer pharmazeuti- 
schen Zusammensetzung davon zur Verwendung bei der Behandlung von Saugern zur Verbesserung der 
Wahrnehmungsleistung. 

17. Verfahren zur Herstellung einer Verbindung der Formel I gemaB Anspruch 1 oder einer pharmazeutischen 
Praparation davon zur Verwendung bei der Behandlung bei Zustanden von gestorten Erinnerungs- und 
Lernvermogens bei Saugern. 

18. Verfahren zur Herstellung einer Verbindung der Formel III gema& Anspruch 7 oder einer pharmazeuti- 
schen Zusammensetzung davon zur Verwendung bei der Behandlung von Zustanden des gestorten 
Erinnerungs- und Lernvermogens bei Saugern. 

19. Verfahren gemad Anspruch 1 zur Herstellung einer Verbindung der Formel Ha 




T=0 



(Ila) 



worin Het die in Anspruch 1 angegebene Bedeutung besitzt und R4, R5, Re, R7, Rs, R9, Rio» R11 und Ri2 
unabhangig voneinander Wasserstoff oder Ci-C4-Alkyl bedeuten; oder eines pharmazeutisch vertragli- 
chen Saureadditionssalzes einer Verbindung worin Het (c) oder (d) bedeutet. 
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Revendications 

Revendications pour les Etats contractants suivants : AT, BE, CH, FR, GB, LI, LU, IT, NL, DE, 



1. Compose de for mule 



Het N =0 




(I) 



<CH2)n 



dans laquelle Ri, R2 et R3 repr6sentent un hydrog^ne ou un groupe alkyle en C1-C7; m repr6sente le nom- 
bre entier 2 ou 3; n represente le nombre entier 1 ou 2; Het represente 



R 





(b) 




(C) 




(d) 



ou 




(e) 



ou R4, R5, Re, R7, Rs, R9, Rio» R11 R12 representent independamment un hydrogene ou un groupe alkyle 
en C1-C7; et les sels pharmaceutiquement acceptables d'un compose de formule I dans laquelle Het re- 
presente c) ou d). 

2. Compost selon la revendication 1 de formule I, dans laquelle Het represente 




Ril 



ou 




(a) (e) 

et R4, R5, R11 et R12 ont les significations donnees dans la revendication 1. 

3. Compose selon la revendication 1 de formule I, dans laquelle Het represente 
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(b) 



et Re a la signification donnee dans la revendication 1. 

Compose selon la revendication 1 de formule I, dans laquelle Het represente 




(c) (d) 

et Rj, Rq, Rg et R^o ont les significations donn^es dans la revendication 1 ; ou un de ses sels pharmaceu- 
tiquement acceptables d'addition avec un acide. 

Compose selon la revendication 1 de formule II 




^3 (II) 

dans laquelle Ri, R2 et R3 representent independamment un hydrogene ou un groupe alkyle en C1-C4; 
Het a la signification donnee dans la revendication 1 et R4, R5, Re, R7, Ra, R9, Rio> ^11 et R12 representent 
independamment un hydrogene ou un groupe alkyle en C1-C4; et un sel pharmaceutiquement acceptable 
d'addition avec un acide d'un compost dans lequel Het represente (c) ou (d). 

Compose selon la revendication 3 de formule III 




(HI) 



R3 

dans laquelle R^, R2, R3 et Re representent un hydrogene ou un groupe alkyle en C1-C4. 

Compose selon la revendication 6 de formule III, dans laquelle Ri , R2, R3 et Re representent un hydrogene 

37 



EP 0 338 989 B1 



et dans laquelle les noyaux cyclohexane et pyrrolidone sont condenses en cis. 



8. Compose selon la revendication 2 de formule IV 




(IV) 



dans laquelle Ri, R2, R3, R4 et R5 representent un hydrogene ou un groupe alkyle en C1-C4. 

9. Compost selon la revendication 8, dans lequel Ri, R2, R3 et R4 representent un hydrogene, R5 repr^sente 
un groupe methyle et dans lequel les noyaux cyclohexane et pyrrolidone sont condenses en cis. 

10. Compose selon la revendication 2 de formule IVa 



R12 



= O 




( IVa) 



dans laquelle Ri, R2, R3, Rn et R12 representent un hydrogene ou un groupe alkyle en C1-C4. 
11. Compose selon la revendication 4 de formule V 




(V) 



R3 

dans laquelle Ri, R2, R3, R7 et Rs representent un hydrogene ou un groupe alkyle en C1-C4; ou un sel 
pharmaceutiquement acceptable d'addition avec un acide de ce compose. 

12. Compose selon la revendication 11, dans lequel Ri, R2, R3, R7 et Rs representent un hydrogene et dans 
lequel les noyaux cyclohexane et pyrrolidone sont condenses en cis; ou un sel pharmaceutiquement ac- 
ceptable d'addition avec un acide de ce compose. 



38 



EP 0 338 989 B1 



13. Composition pharmaceutique convenant pourtraiterun dysfonctionnementcognitif chezles mammiferes, 
comprenant une quantite efficace pour ameliorer la cognition d'un compose selon la revendlcatlon 1, en 
combinaison avec un ou plusieurs vehicules pharmaceutiquement acceptables. 

14. Composition pharmaceutique convenant pour traitor un dysfonctionnement cognitif chez les mammiferes, 
comprenant une quantite efficace pour ameliorer la cognition d'un compose selon la revendication 7, en 
combinaison avec un ou plusieurs vehicules pharmaceutiquement acceptables. 

15. Compose de formule I selon la revendication 1 , ou preparation pharmaceutique de ce compose, utilisable 
dans le traitement d'un mammifere pour ameliorer sa performance cognitive. 

16. Compose de formule III selon la revendication 7, ou composition pharmaceutique de ce compose, utili- 
sable dans le traitement d'un mammifere pour ameliorer sa performance cognitive. 

17. Compose de formule I selon la revendication 1 , ou preparation pharmaceutique de ce compose, utilisable 
dans le traitement de pathologies de defaillance de la memoire et de I'apprentissage chez un mammifere. 

18. Compose de formule III selon la revendication 7, ou composition pharmaceutique de ce compose, utili- 
sable dans le traitement de pathologies de defaillance de la memoire et de I'apprentissage chez un mam- 
mifere. 

19. Compose de formule Ila 



dans laquelle Het a la signification donnee dans la revendication 1, et R4, R5, Re, R7, Rs, Rg, Rio> F^ii et 
R12 representent independamment un hydrogene ou un groupe alkyle en C1-C4; ou un sel pharmaceuti- 
quement acceptable d'addition avec un acide d'un compose dans lequel Het represente (c) ou (d). 

20. Precede de preparation d'un compose de formule I selon la revendication 1, caracterise par 
a) la cyclisation d'un compose de formule 



ou d'un de ses derives esters reactifs, formule dans laquelle Het, m, n et R3 ont les significations don- 
nees dans la revendication 1 et les chatnes (CH2)m et (CH2)n sont eventuellement substituees par un 
groupe alkyle en C1-C7; ou 
b) la cyclisation d'un compose de formule 




(Ila) 



H-Het- (CH2)m'~N 
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H-Het -(CH2)ni~^ 




n 



(VII) 



R3 



dans laquelle Het, m, n, R2 et R3 ont les significations donnees dans la revendication 1; 
c) la cyclisation d'un connpose de for mule 




dans laquelle Ra et Rb representent un groupe alkyle en C1-C4, ou Ra et Rb connbines representent un 
groupe alkylene en C1-C4; R3, Het, nn et n ont la signification donnee dans la revendication 1, et dans 
laquelle les chaTnes (CH2)n et (CH2)m sont ^ventuellement substitutes par un groupe alkyle en C1-C7, 
par traitement avec un acide; ou 
d) la condensation d'un compose de formule 

H-Het-(CH2)m-NH2 (IX) 
dans laquelle Het et m ont les significations donntes dans la revendication 1 et dans laquelle la chatne 
(CH2)m est eventuellement substituee par un groupe alkyle en C1-C7, avec un compose de formule 



dans laquelle R3 et n ont la signification donnte dans la revendication 1 et dans laquelle la chatne 
(CH2)m est eventuellement substituee par un groupe alkyle inferieur; Rc represente un hydrogene ou 
un groupe alkyle en C1-C7; et le traitement du produit resultant in situ avec un acide anhydre; ou 
e) la reduction du groupe fonctionnel c^tone dans un compost de formule XI 



dans laquelle Het, m, n, Ri, R2 et R3 ont les significations donnees dans la revendication 1; ou 

f) pourobtenirun compose de formule I, dans laquelle m represente le nombre entier2et n represente 

le nombre entier 1 , la saturation de la double liaison dans un compose de formule 




(X) 




R3 



(XI) 
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(XII) 



pour obtenir un compose de formule II, decrite dans la revendication 5, dans laquelle Het, Ri, R2 et R3 
ont les significations donnees dans la revendication 1 , et nn represente le nonnbre entier 2; dans les 
proc^d^s Indiqu^s ci-dessus, ledit precede etant realise tandis que, le cas ^cheant, on protege tem- 
porairement le(s) groupe(s) reactif(s) eventuels presentant une interaction, puis on libere le compose 
resultant de I'invention; et, le cas echeant, on transforme un connpose resultant de I'invention en un 
autre connpose de I'invention et/ou, le cas echeant, on transforme un compose libre resultant en un sel 
ou on transforme un sel resultant en un compost libre ou en un autre sel; et/ou on s^pare un melange 
d'isom^res ou de rac^mates obtenu en isom^res ou rac^mates simples; et/ou, le cas ^ch^ant, on r^sout 
un racemate en antipodes optiques. 

Revendications pour les Etats contractants suivants : ES, GR 

1. Precede de preparation d'un compose de formule 




(I) 



R3 

dans laquelle Ri, R2 et R3 repr^sentent un hydrog^ne ou un groupe alkyle en C1-C7; m represente le nom- 
bre entier 2 ou 3; n represente le nombre entier 1 ou 2; Het represente 




(c) (d) le) 



ou R4-R12 representent independamment un hydrogene ou un groupe alkyle en C1-C7; et un sel pharma- 
ceutiquement acceptable d'un compose de formule I dans laquelle Het represente c) ou d), qui consiste 
en 
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a) la cyclisation d'un compose de for mule 



H-Het- (CH2) ni~N 




CH2)n-CCCH 



(VI) 



ou d'un de ses d^riv^s esters reactifs, formule dans laquelle Het, m, n et R3 ont les significations don- 
nees ci-dessus et les chaTnes (CH2)m (CH2)n sont eventuellement substituees par un groupe alkyle 
en C1-C7; ou 

b) la cyclisation d'un compose de formule 



H-Het: -{CH2)m--^ 




(VII) 



dans laquelle Het, m, n, R2 et R3 ont les significations donnees ci-dessus; 
c) la cyclisation d'un compose de formule 




1? , , 

{CK2 ) n-C-MH-(CH2)ni-fi^t -H ( VII I ) 



dans laquelle Ra et Rb repr^sentent un groupe alkyle en C1-C4, ou Ra et R^ combines repr^sentent un 
groupe alkyl^ne en C1-C4; R3, Het, m et n ont la signification donn^e ci-dessus, et dans laquelle les 
chaTnes (CH2)n et (CH2)m sont eventuellement substituees par un groupe alkyle en C1-C7, partraitement 
avec un acide; ou 

d) la condensation d'un compost de formule 

H-Het-(CH2)m-NH2 (IX) 
dans laquelle Het et m ont les significations donnees ci-dessus et dans laquelle la chatne (CH2)m est 
eventuellement substituee par un groupe alkyle en C1-C7, avec un compose de formule 




(c:-o) -cccR^ 

ft i >M 



(X) 



dans laquelle R3 et n ont la signification indiquee ci-dessus et dans laquelle la chatne (CH2)m est even- 
tuellement substituee par un groupe alkyle en C1-C7; Rc represente un hydrogene ou un groupe alkyle 
en C1-C7; et le traitement du produit resultant in situ avec un acide anhydre; ou 
e) la reduction du groupe fonctionnel c^tone dans un compost de formule XI 
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(XI) 



dans laquelle Het, m, n, Ri, R2 et R3 ont les significations donnees ci-dessus; ou 

f) pour obtenir un compose de formule I, dans laquelle m repr^sente le nombre entier 2 et n represente 

le nombre entier 1 , la saturation de la double liaison dans un compose de formule 




(XII) 



dans laquelle Het, Ri, R2 et R3 ont les significations donnees ci-dessus, et m represente le nombre 
entier 2; dans les precedes indiques ci-dessus, ledit precede etant realise alors que, le cas echeant, 
on protege temporairement le(s) groupe(s) r^actlf(s) eventuels pr^sentant une interaction, puis on li- 
b^re le compose resultant de Tinvention; et, le cas echeant, on transforme un compose resultant de 
I'invention en un autre compose de I'lnvention et/ou, le cas echeant, on transforme un compose libre 
resultant en un sel ou on transforme un sel resultant en un compose libre ou en un autre sel; et/ou on 
s^pare un melange d'isom^res ou de rac^mates obtenu en isom^res ou rac^mates simples; et/ou, le 
cas ^ch^ant, on r^sout un rac^mate en antipodes optiques. 

Precede selon la revendication 1, pour preparer un compose de formule I, dans laquelle Het represente 




(^) (e) 

et R4, R5, R11 et R12 ont les significations donnees dans la revendication 1. 

Precede selon la revendication 1 pour preparer un compose de formule I, dans laquelle Het represente 

(b) 

et Re a la signification donnee dans la revendication 1. 

Precede selon la revendication 1 pour preparer un compose de formule I, dans laquelle Het represente 
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OU 




(d) 



et Ry, Rs, Rg et R^o ont les significations donnees dans la revendication 1 ; ou un de ses sels pharmaceu- 
tiquement acceptables d'addition avec un acide. 

Precede selon la revendication 1 pour preparer un compose de formule II 



dans laquelle Ri, R2 et R3 representent independannnnent un hydrogene ou un groupe alkyle inferieur; Het 
a la signification donn^e dans la revendication 1 et R4, R5, Re, R7, Re, R9, Rio> R12 representent 
independammentun hydrogene ou un groupe alkyle en C1-C4; ou un sel pharmaceutiquement acceptable 
d'addition avec un acide d'un compose dans lequel Het represente (c) ou (d). 

Precede selon la revendication 1 pour preparer un compose de formule III 



dans laquelle R^, R2, R3 et Re representent un hydrogene ou un groupe alkyle en C1-C4. 

Precede selon la revendication 6 pour preparer un compose de formule III, dans laquelle Ri, R2, R3 et Re 
representent un hydrogene et dans laquelle les noyaux cyclohexane et pyrrolidone sent condenses en 
cis. 

Precede selon la revendication 2 pour preparer un compose de formule IV 




(II) 




( r rr ) 
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(IV) 



dans laquelle Ri, R2, R3, R4 et R5 representent un hydrogene ou un groupe alkyle en C1-C4. 

9. Precede selon la revendication 8 pour preparer un compose de formule IV, dans laquelle Ri, R2, R3 et R4 
representent un hydrogene, R5 represente un groupe methyle et dans laquelle les,noyaux cyclohexane 
et pyrrolidone sont condenses en cis. 

10. Proc^d^ selon la revendication 2 pour preparer un compost de formule IVa 



R12 




( IVa) 



dans laquelle Ri, R2, R3, Rn et R12 representent un hydrogene ou un groupe alkyle en C1-C4. 
11. Precede selon la revendication 4 pour preparer un compose de formule V 




R3 



(V) 



dans laquelle R2, R3, R7 et Rs representent un hydrogene ou un groupe alkyle en C1-C4; ou un sel 
pharmaceutiquement acceptable d'addition avec un acide de ce compost. 

12. Procede selon la revendication 11 pour preparer un compose de formule V, dans laquelle Ri, R2, R3, R7 
et Rs representent un hydrogene et dans laquelle les noyaux cyclohexane et pyrrolidone sont condenses 
en cis; ou un sel pharmaceutiquement acceptable d'addition avec un acide de ce compost. 

13. Proc^d^ pour preparer une composition pharmaceutique contenant un compose prepare selon la reven- 
dication 1, en combinaison avec un ou plusieurs vehicules pharmaceutiquement acceptables. 
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14. Precede pour preparer une composition pharmaceutique contenant un compose prepare selon la reven- 
dication 7, en combinaison avec un ou plusleurs vehicules pharmaceutiquement acceptables. 

15. Procede pour preparer un compose de formuie I selon la revendication 1, ou une preparation pharma- 
ceutique de ce compost, utilisable dans le traitement d'un mammif^re pour am^liorer sa performance 
cognitive. 

16. Procede pour preparer un compose de formuie III selon la revendication 7, ou une composition pharma- 
ceutique de ce compose, utilisable dans le traitement d'un mammifere pour ameliorer sa performance 
cognitive. 

17. Procede pour preparer un compose de formuie I selon la revendication 1, ou une preparation pharma- 
ceutique de ce compose, utilisable dans le traitement de pathologies de defaillance de la memoire et de 
Tapprentissage chez un mammifere. 

18. Procede pour preparer un compose de formuie III selon la revendication 7, ou une composition pharma- 
ceutique de ce compose, utilisable dans le traitement de pathologies de defaillance de la memoire et de 
I'apprentissage chez un mammifere. 

19. Proc^d^ selon la revendication 1 pour preparer un compost de formuie lla 




(Ila) 



dans laquelle Het a la signification donnee dans la revendication 1, et R4, R5, Re, R7, Rs* R9, Rio» R11 
R12 representent independamment un hydrogene ou un groupe alkyle en C1-C4; ou un sel pharmaceuti- 
quement acceptable d'addition avec un acide d'un compose dans lequel Het represente (c) ou (d). 
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